Agricultural organic matter is a major component of organic waste on earth that significantly contributes in environmental pollution. The conversion of organic waste into biochar and addition to soil is the recommended strategy to reduce the negative environmental effects of organic waste and to increase the soil fertility. Therefore, in this study, we evaluated the changes in nutrient concentrations, rice yield and microbial community structure in a Psammaquent and Plinthudult at harvest following incorporation of biochar derived from wheat straw. Wheat straw biochar generated at 300-500 ˚C under oxygen limited conditions was applied, in a greenhouse experiment to a Psammaquent and Plinthudult at a rate of 3% weight/weight (w/w). The biochar addition to both types of soil significantly increased the soil pH from 4.2 to 6.2 and 4.7 to 6.7, total nitrogen by 135 and 37%, and organic carbon by 90 and 80%, in the Psammaquent and Plinthudult, respectively as compared to the respective controls.
Introduction
Rice is the staple food for more than 65% of the population in China. Its production has increased several folds in the past few decades (Huang et al., 2013) .
The increasing population is exerting a huge pressure for improved food production in China (Zhang et al., 2010) . The poor soil quality has been a major hindrance in higher rice yield in China. To overcome this issue more agriculture land is required. Red soil is abundantly available in China and can be used for this purpose. The red soils cover 102 million ha in China and can be used for agriculture purposes. These soils have great potential for agriculture due to favorable climatic conditions. Biochar incorporation into agricultural soils has recently stimulated much scientific research due to its agronomic, financial, and ecological benefits. Biochar is a carbon (C) rich material produced by pyrolysis of feedstock at different temperatures under oxygen limiting conditions (Cao et al., 2011; Khan et al., 2013; Uchimiya et al., 2011) . Feedstocks, which are readily available in large quantities and have no other uses, are suitable materials for biochar production. Many types of feedstock are used for biochar production, including wood, corn stover, rice straw, rice husks, bamboo, wheat straw, peanut shells, poultry litter, and animal manures (Gul et al., 2015; Khan et al., 2013; Meng et al., 2013; Zhang et al., 2010) . Biochars are resistant to microbial degradation, releasing only small amounts of CO 2 to the atmosphere and thereby increasing C sequestration (Bruun et al., 2012; Cheng et al., 2008; Zhao et al., 2014) . Biochars have a higher negatively charged surface area than their original feedstock or soil (Khan et al., 2013) . The addition of biochar to soil increases nutrient concentrations, adsorption of elements onto its surfaces, and increases the cation exchange capacity, pH, water holding capacity, and decreases soil bulk density (Zhang et al., 2010; Keith et al., 2011; Khan et al., 2013; Muhammad et al., 2016) . The addition of biochars to sandy soils induced significant changes in microbial community structure and soil fertility (Ameloot et al., 2013; Muhammad et al., 2016) . Biochars, derived from various feedstocks, applied to sandy loam soil also significantly increased soil pH, dissolved and total organic C and N, in soil and soil solution and changed the microbial community structure . Different types of biochars have been used in greenhouse experiments and field trials to study their effects on greenhouse gases emission and soil quality.
Biochar has been reported to improve soil quality and crop productivity in different agricultural soils (Huang et al., 2013) . There are various mechanisms involved in the enhancement of crop productivity in biochar amended soils. For instance, the dark color of biochar amended soils modifies the thermal dynamics, consequently increasing crop growth and biomass. Wheat straw biochar in saline soils reduced the mineralization of soil organic C (Junna et al., 2014) and in paddy soils increased C sequestration, fertility and also reduced unwanted emissions to the environment (Zhao et al., 2014) . Wheat straw is an agricultural waste in China and has been used in various types of soil as biochar for soil improvement and carbon sequestration. Red soils are not fertile as they have low pH, extremely leached, low in organic matter, poor in nutrients and have low water holding capacities. In recent times, efforts have been made mainly in the context of the ''Great Leap Forward'' to bring these red soils into agricultural practices. However, efforts have been ineffective and could not sustained arable agriculture due to their erodibility. The biochar increases nutrient concentrations cation exchange capacity, soil organic matter, pH, water holding capacity, and decreases soil bulk density (Keith et al., 2011; Khan et al., 2013; Zhang et al., 2010) . Therefore, the aim of this experiment was to evaluate the impact of wheat straw biochar on Psammaquent and Plinthudult for the improvement of fertility, yield of rice and the microbial community pattern in these soils.
Materials and Methods

Soils and biochar
The Psammaquent and Plinthudult were collected from the Zhejiang province of China, as composites of individual cores (0-10 cm depth), as described by Wu et al. (2009a) . Obvious vegetation, roots and stones were removed, and the soils then air-dried and sieved < 2 mm. Sub samples were taken for physical and chemical analyses. The wheat straw biochar was purchased from Sanli Company, Shandong, China.
This biochar was generated at 300-500 °C under oxygen limited condition.
Greenhouse experiment
Rice (Oryza sativa L. var. Zhongzheyou) was grown in plastic pots, of 20 cm diameter and 20 cm height, each containing 5 kg air dried sieved soil, in greenhouse under controlled environmental conditions (16 h light at 30 °C and 8 h dark at 22 °C) at Zhejiang University, Hangzhou, P.R China. The rice cultivar was an annual Indica variety with an average plant height of 120 cm at maturity (about 140 days). Seeds were obtained from the Zhejiang Seed Co. They were surface sterilized in 70 percent ethanol for 1 min and then soaked in 0.01 g mL -1 sodium hypochlorite for 5 min, rinsed thoroughly in deionized water, and then maintained in deionized water for 48 h at 30 °C (Wu et al., 2011 Microbial PLFAs were extracted from soil samples collected from the pots at harvest. The PLFAs were extracted from 3.0 g of freeze-dried soil, fractionated and methylated (Wu et al., 2009b) . The detailed method was as described by Muhammad et al. (2014) 
Data analysis
Average 3 replicates of each sample were used in all.
Average and stranded deviation were calculated by Microsoft office excel vr.7. Statistical analysis of the data was performed with SPSS 16. All results were presented at significance of p<0.05.
Results
Characterization of wheat straw biochar and soils
The Psammaquent has 58% sand, 26% silt and 16%
clay and the Plinthudult had 28% sand, 50% silt and 22% clay as described in USDA classification system.
According to Chinese soil taxonomic system such soil 
Changes in soil properties due to biochar
The addition of biochar changed the soil properties such as pH, total exchangeable cations, ammonium acetate extractable nutrients, DOC and DON and total C and total N. The total exchangeable cation concentrations were significantly higher in biochar amended
Psammaquent as compared to the control (Table 1) .
However, the ammonium acetate extractable nutrient concentration was less in the biochar treated soil than the control. In the Plinthudult, the total exchangeable cation concentrations were significantly increased in biochar treatments compared to the control. The ammonium acetate extractable nutrients were significantly lower in biochar treated soil compared to the control ( 
Effect of biochar on nutrient leaching from soils
The concentrations of water soluble nutrients measured in leachates collected at harvest from the Psammaquent and Plinthudult compared to the controls are given in Plinthudult amended with biochar were significantly higher in leachates than the controls (Table 3, 5) . 
Extractable nutrients in biochar amended and unamended soils
The ammonium acetate extractable concentrations of elements with and without added biochar in both rice growing soils are shown in 
Effect of biochar on plant growth
The biochar applications significantly increased plant growth and yield in both soils as compared to the con- 
Accumulation of nutrients in rice straw and grain
The concentration of nutrients in rice straw and grain are given in Table 4 Figure 3 . The total PLFA concentration was significantly higher in the biochar amended Psammaquent than the control and it was significantly reduced in the biochar amended Plinthudult than the un-amended counterpart ( Table 2 ). The concentration of total bacterial PLFA was significantly increased in the biochar amended Plinthudult as compared to the control.
The protozoa and fungal PLFA concentrations were significantly reduced in the biochar treated Plinthudult compared to the control ( Figure 3C ).
The total bacterial PLFA concentration was significantly decreased in the biochar amended Psammaquent than the control soil. The protozoa and fungal PLFA concentrations were significantly higher in the biochar treated Psammaquent than in the control soil ( Figure 3D ). In addition, the concentrations of branching (a14:0, a16:0), hydroxy (16N alcohol), Gram +ve bacterial (a15:0, a17:0) (Bossio et al., 1998), protozoa (18:3w6c) 
Discussion
Changes in soils properties due to biochar
The wheat straw biochar increased exchangeable cationic content in soils growing rice due to its higher concentration in biochar consequently it increased the soil pH at harvest. Besides this, the reduced concentration of nutrients in biochar amended soils at harvest are due to the higher accumulation of nutrients at higher yield and immobilization on biochar surfaces (Hammer et al., 2014) viously . However, the increased N concentration in biochar amended soils than controls is an indicator of improved soil fertility and reduced environmental losses of N due to its sequestration in soils. The results of this study revealed that biochar addition to both soils significantly reduced the DOC in the leachates and increased total C in both soils at harvest compared to controls and native soils. It indicates that biochar addition to both soils reduced C loss from soil and increased C sequestration in soils.
The increased total C and total N in soils are also positive indicators of improved soil fertility. Generally increased soil carbon could increase microbial growth and its mineralization leading to increased nutrient availability in soils (Warnock et al., 2007) . Thus, the increased C and nitrogen availability can increase the plant growth in soils amended with biochar. Furthermore, the obtained results indicated that water logged conditions in rice growing soil generate anaerobic environment and reduce the mineralization rate by limiting the microbial population and their growth as earlier studies indicated (Zhou et al., 2014) .
Leaching of Nutrients from biochar amended soils
The decreased concentration of nutrients in biochar added soils as compared to the control indicated that biochar addition to soils significantly decreases these nutrient concentrations in leachates. However, the nutrients leached from biochar amended and control soils may be due to higher amount of nutrients in soils and biochar (Table 1 ) and less accumulation of these nutrients in the soil organic matter. In addition, the precipitation/fixation of elements due to increase soil pH (Shen et al., 2016) can also reduce the nutrient leaching. The soil texture changed by biochar and water logged condition also influence the leaching of elements from these soils. The decrease in the water soluble nutrients in leachates from both biochar amended soils therefore indicates that biochar addition significantly increases the retention of these nutrients, so increasing their availability. Furthermore, the decreased nutrient concentrations in leachates of both biochar amended soils can be attributed to the increased total C and total N and decreased DOC and DON in both biochar amended soils. The increased organic matter in biochar amended soil immobilizes more nutrients and decreases leaching (Khan et al., 2013) . However, biochar addition to both the Psam- K may be could not accumulate as these were higher in biochar (Muhammad et al., 2016) . However, the psammaquent has lesser native organic carbon and it was increased after cultivation and biochar addition that led to greater accumulation and aggregation, con- Other types of biochar have also produced major decreases in available soil nutrients for the same reasons (Ahmad et al., 2012; Khan et al., 2013; Uchimiya et al., 2011; Zheng et al., 2012) . This process has also been examined by kinetic and adsorption experiments (Khan et al., 2013; Kołodyńska et al., 2012) and the soil pH within this range has been related to increased adsorption and precipitation of soluble nutrients and other elements (Khan et al., 2013; Kołodyńska et al., 2012) . Therefore, in this work the decreased percentage of extractable concentrations of K of 1% and 20%
in the Psammaquent and Plinthudult respectively were attributed to increased pH and K fixation by clay minerals as previously reported (Jiyun, 1996; Zhao et al., 2014) . Another possible reason for this may be more accumulation of K in growing crop, resulting in decrease extractable concentrations.
Effect of biochar on plant growth and nutrient accumulation
Plant growth and yields were significantly higher in of them in accord with our results. The simplest mechanism is that the increase in soil pH, exchangeable cations, organic matter and changed soil densities increases the sorption of nutrients in soil as well as increasing the chelation and fixation of nutrients by soil organic matter (Khan et al., 2013; Kim et al., 2013; Kookana et al., 2011; Zheng et al., 2012) . The anaerobic environment due to water logged conditions in soils growing rice might influence nutrient accumulation and plant health.
Microbial community pattern in biochar added soils
The results of this study indicated that there were lower microbial PLFA concentrations in both rice cultivated soils, with and without biochar addition, as compared to previous results with both the soils Muhammad et al., 2014) . This may be due to the, mainly, anaerobic conditions caused by the 
Conclusion
Wheat straw biochar application to rice growing Psammaquent and Plinthudult increased the yield of rice and in contrast it decreased the leaching of nutrients, organic carbon and nitrogen. However, Ca, Na and Mg leaching was increased from biochar added rice growing soils due to higher concentration of these elements in biochar. The biochar also significantly increased the pH, TOC and nitrogen in both soils. Furthermore, the biochar application to soils changed the microbial community pattern by altering the soil properties. Thus, wheat straw biochar can increase the productivity of rice by retaining the soil nutrient coupled with carbon sequestration in the Plinthudult and Psammaquent.
